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In this study we modeled the in vitro antibacterial activity of the extracts of green, white and black tea
mixtures using the response surface methodology. Camellia sinensis var sinensis tea mixtures were
prepared according to a 3-component simplex-centroid design containing ten formulations. The anti-
bacterial activity was used to assess the inhibition ability of the tea mixtures against a range of seven
Gram positive, Gram negative, vegetative cells and sporeforming bacteria. A formulation of tea mixtures
was then optimized by the desirability function aiming to maximize the inhibition of different strains
and/or serotypes of Salmonella. The best tea formulation was chemically characterized by electrospray
ionization mass spectrometry (ESIeMS). The linear effects of white and black teas were statistically
signiﬁcant (p < 0.05) as well as the interaction between green and white and green and black on the
inhibition of S. Thyphimurium. Although the optimized tea mixture was effective against all Salmonella
strains, the inhibition was substantially greater for speciﬁc serotypes, with differences observed even
among strains of the same serotype (p < 0.05). A total of 11 phenolic constituents such as gallic acid,
quinic acid, (þ)-catechin/()-epicatechin, ()-gallocatechin/()-epigalocatechin, coumaroylquinic acid,
galloylquinic acid, and caffeoylquinic acid were tentatively identiﬁed using ESIeMS.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
After water, tea (Camellia sinensis L. Kuntze) is the most widely
consumed beverage in theworld (Anesini, Ferraro,& Filip, 2008; De
Godoy et al., 2013). The consumption of teas and herbal infusions
has been associated to several health beneﬁts such as, anti-aging
properties, anti-oxidative, protection from cardiovascular disease,
anti-inﬂammatory, anti-obesity, antitumor and antimicrobial ac-
tivities as well outlined by Pinto (2013). Among these bioactivities,
the antimicrobial properties have special relevance for potential
food applications since teas have been shown to inhibit pathogens8, Uvaranas, CEP: 84030900,in vitro and in vivo (Almajano, Carbo, Jimenez, & Gordon, 2008;
Bansal et al., 2013; Hamilton-Miller, 1995).
Among themany different types, white, green, oolong, red, black
and yellow teas, all from C. sinensis, are the most popular (Pinto,
2013). These teas can be differentiated based on practices and
conditions employed at harvesting, processing, and the degree of
oxidation of phenolic compounds, implicating in the proﬁle and
content of phenolics (Port's, Chiste, Godoy, & Prado, 2013, Savikin
et al., 2014; Scoparo et al., 2014; Zielinski et al., 2014). Among
processing practices, the use or not of fermentation for production
of teas can result in distinct sensory properties and chemical
composition. For example, ‘non-fermented’ teas are represented by
green and white teas produced by drying and steaming the fresh
leaves, whereas ‘fermented’ teas are represented by black and red
teas made with fresh leaves. When teas are not fermented, the
oxidation of catechins by polyphenol oxidases is prevented (Bansal
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(Lambert& Elias, 2010). The importance of catechins in tea relies on
the predominance of these ﬂavonoids, principally ﬂava-3-ols, as the
main phenolic compounds associated with the biological activities
of C. sinensis teas (Granato, Grevink, Zielinski, Nunes, & Van Ruth,
2014). Several types of catechins have been found in teas such as:
()-epigallocatechin gallate (EGCG), ()-epicatechin gallate (ECG),
()-epigallocatechin (EGC), ()-epicatechin (EC), ()-gallocatechin
(GC), and ()-catechin (C) (Cai, Sun, Xing, Luo, & Corke, 2006;
Gramza & Korczak, 2005; Zielinski et al., 2015). The higher bio-
logical activity of EGCG and ECG is explained by their additional
catechol structure (3-galloyl group), which makes these ﬂavonoids
important antimicrobial agents (Hamilton-Miller, 1995). The anti-
microbial properties of teas have been reported, but their use and
effectiveness as natural preservatives in food systems has not been
so intense. This limitation could be explained by the complexity of
antimicrobial activity of teas, which is inﬂuenced bymany variables
such as variety of teas, time and temperature of extraction of the
bioactive compounds, as well as the chemical characteristics and
solubility of the bioactive constituents (Bansal et al., 2013;
Hamilton-Miller, 1995).
In the last decades, consumers have become more conscious and
concerned over the use and presence of chemicals in foods
(Trewavas, 2004). Food industries are therefore responding to this
demand by trying to develop and apply natural compounds and
extracts (or their mixtures) as food preservatives (Lucera, Costa,
Conte, & Del Nobile, 2012). Since natural products are usually less
stable to external physical factors such as light, oxygen and heat
(Boon, McClements, Weiss, & Decker, 2010), their processing re-
quires the determination of optimized conditions in which their
activity are best maintained. Concerning the application of tea ex-
tracts as food, their best preservative effects in foods, a combined and
optimized formulation containing green, white and black teas seems
quite attractive. The synergic effects of such a combination could
lead to extracts with best antimicrobial properties allied to opti-
mized costs of production. A tool largely used aiming at addressing
these challenges is the response surface methodology (Pedro,
Granato, & Rosso, 2016), which is able to evaluate the effect of
each relevant variable (independent factors) and their interactions
on the response, such as antimicrobial activity. This methodology
generates a mathematical model that can describe chemical,
biochemical, functional and antimicrobial properties as inﬂuenced
by the relevant variables as input, such as tea types (Bassani, Nunes,
& Granato, 2014; He, Cao, Pan, & Hua, 2014; Hu et al., 2012).
The use of natural compounds in foods and beverages, typically
originated from vegetables such as fruits and herbs, aiming at
inhibiting microorganisms is an increasing trend (Ahn, Grun, &
Mustapha, 2004; Perumalla & Hettiarachchy, 2011; Salaheen,
Nguyen, Hewes, & Biswas, 2014; Voss-Rech et al., 2011). It is
known that several parameters such as chemical properties, acces-
sibility, consumer knowledge, cost beneﬁt and the impact of their
application on the sensory aspects of the foods or beverages will be
crucial to motivate their application (Perumalla & Hettiarachchy,
2011). Taking all these concepts into consideration, in the current
study, we have characterized the chemical composition of green,
white and black teas aswell as their binary and ternarymixtures and
have assessed and modeled the in vitro antibacterial activity of the
extracts using the response surface methodology.
2. Material and methods
2.1. Tea samples
Tea samples were kindly donated by Herbaﬂora (S~ao Paulo,
Brazil). According to themanufacturer, the C. sinensis var sinensis teaswere cultivated and processed in China. The particle sizes of the
samples were of 20e40 mesh. The mixtures of teas were prepared
according to a simplex-centroid design containing 10 experimental
assays (Table 1), in which the types of tea (white, black or green)
were the factors (independent variables). A total of 2.0 g of each
mixture was extracted with 100 mL of distilled water at 80 C in an
Erlenmeyer, covered with a lid. Extraction was performed for a
period of 7.5 min under magnetic stirring. The mixture was then
ﬁltered through Whatman paper #1 (qualitative) and the tea was
transferred to Falcon tubes and immediately ultrafrozen at 80 C.
Samples were lyophilized and stored (20 C) until analysis.
2.2. Microorganisms and determination of antibacterial activity by
agar diffusion method
2.2.1. Preparation of cell suspensions
The microorganisms used in this study were grouped in two
sets. The ﬁrst set was composed of the following seven bacterial
strains: Pseudomonas ﬂuorescens (ATCC 13525), Listeria mono-
cytogenes (ATCC 7644), Pseudomonas aeruginosas (IAL 1853),
Escherichia coli (IAL 2064), Bacillus cereus (IAL 55), Salmonella
Typhimurium (IAL 2431) and Staphylococcus aureus (ATCC 13565).
The second set, which was tested only with the optimized tea
mixture, was composed of ten different strains of Salmonella: S.
Enteritidis (strains #65.05, #299, #504), S. Agona #81.05, S. Sef-
tenberg #62.06, S. Typhimurium (strains #271 and #87.09), S.
Anatum #214.05, S. Kentucky #23.09, and S. Montevideo #102.09.
The strains used belonged to ATCC, IAL (Culture Collection of Adolfo
Lutz Institute, S~ao Paulo, Brazil) or from Institute of Biology (IB),
University of Campinas e UNICAMP, Brazil.
The microorganisms were grown in Nutrient Broth (Kasvi, S~ao
Paulo, Brazil) at 37 C for 24 h. The concentration of cells for each
bacterial strain was adjusted using a spectrophotometer model
DU® 640B (Beckman, Ramsey, USA) at OD600 nm ~0.6 to reach
106 CFU mL1 (Chitemerere & Mukanganyama, 2011; Sant'Ana,
Franco, & Schaffner, 2012a).
2.2.2. Determination of antibacterial activity by agar diffusion
method
The antimicrobial susceptibility tests were performed according
to the method proposed by Bauer, Kirby, Serris, and Turck (1966)
and modiﬁed by Zaidan et al. (2005). The tea mixtures (n ¼ 10)
were assessed for antibacterial activity against the seven different
bacteria. A volume of 15 mL of Nutrient agar was mixed with cell
suspensions of each microorganism to reach a ﬁnal concentration
of 106 CFU mL1. Then, the tea extract mixtures equivalent to
1000 mg dissolved in ethanol were applied on sterile paper discs
(6 mm diameter, Laborclin, Parana, Brazil). Then, discs were
disposed inside sterile Petri dishes and allowed to set for 15 min at
RT for solvent evaporation. After ethanol evaporation, three discs of
each tea extract mixture were deposited onto Petri dishes con-
taining inoculated Nutrient agar with each microorganism. The
discs were placed at equal distance, following incubation at 37 C
for 24 h. Ampicillin (10 mg mL1) (Laborclin, Parana, Brazil) was
used as positive control and sterile distilled water was used as
negative control. The experiments were performed in quadrupli-
cate and replicated twice in different days for each strain and tea
extract mixture to assure both repeatability and reproducibility of
the generated results.
2.3. Experimental design, data analysis and optimization of tea
mixture
2.3.1. Experimental design and data analysis
As mentioned earlier, a 3-component simplex-centroid design
Table 1
Effect of tea extracts on antibacterial activity against seven different foodborne microorganisms (diameter of the inhibition zone measured in mm).
Green tea (g) White tea (g) Black tea (g) L. monocytogenes B. cereus S. aureus P. aeroginosa P. ﬂuorescens E. coli S. Typhimurium
2 0 0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 0
0 2 0 14.9 ± 4.8 6.0 ± 0.0 0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.7 ± 1.2
0 0 2 6.0 ± 0.0 6.0 ± 0.0 0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.5 ± 0.3
1 1 0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 9.3 ± 1.2
0 1 1 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
1 0 1 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
1.334 0.333 0.333 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
0.333 1.334 0.333 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
0.333 0.333 1.334 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
0.67 0.67 0.66 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 6.0 ± 0.0 8.0 ± 0.0
P-value (ANOVA) e e e e e e <0.0001
Ampicillin (10 mg) 25.0 ± 1.2 20.3 ± 0.7 30.0 ± 1.7 6.0 ± 0.0 33.5 ± 2.3 23.0 ± 2.1 32.5 ± 0.6
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total of 10 samples (single, binary, and ternary tea mixtures) was
used in the current study (Granato & Calado, 2014).
Data on antimicrobial activity of tea extractmixtures testedwere
presented as mean ± standard deviation (SD). After, a multiple
regression analysis was performed using response surface meth-
odology (RSM) to model the effect of antimicrobial activity of teas
against Salmonella Typhimurium #271 since it was the only bacte-
rium that was signiﬁcantly (p < 0.001) inhibited by the teamixtures
asdemonstratedbyone-factoranalysis of variances (ANOVA). In that
case, a second-order polynomial equation was used to ﬁt the
experimental data (Nunes, Alvarenga, Sant'ana, Santos, & Granato,
2015).Eq. 1 shows the generalized model used in the RSM:
YnðxÞ ¼
X3
i¼1
bixi þ
X3
ij
X3
j
bijxixj þ bijkxixjxk (1)
where Yn is the predicted response (antibacterial activity), bi, bij,
and bijk are the regression coefﬁcients for linear, quadratic and
cubic terms, respectively, and xi, xj and xk are the independent
variables (types of tea). The statistical signiﬁcance of the equation
was examined by ANOVA for each response, and the term that was
not signiﬁcant was removed from the model and the data were re-
ﬁtted only to the signiﬁcant factors (p < 0.05), and the response
surface (contour plot) was generated. The goodness-of-ﬁt of model
was evaluated by regression coefﬁcient (R2) and their adjusted R2.
The ShapiroeWilk's test was used to verify the normality of re-
siduals (Pedro et al., 2016).
A formulation of tea mixtures was optimized aiming to maxi-
mize the in vitro antimicrobial activity against S. Typhimurium as it
was the only bacterium that showed signiﬁcant differences
(p < 0.05) between teas. For this purpose, the desirability function
proposed by Derringer and Suich (1980) was employed using a total
of 60 iterations to render the best tea formulation (higher desir-
ability, d-value). The optimized mixture of C. sinensis teas obtained
by the optimization technique was chemically characterized by
electrospray ionization mass spectrometry (ESIeMS) and then
tested against ten different serotypes of Salmonella using the same
protocols described above. To compare the antibacterial activity of
the optimized extract within different Salmonella serotypes, one-
way ANOVA followed by the Tukey's test were carried out accord-
ing to the premises and principles described by Granato, Calado and
Jarvis (2014). The statistical analysis, generation of the multiple
regression model (RSM), and the optimization procedure were
performed using the Statistica 7 software (Statsoft, USA).2.4. Electrospray ionization mass spectrometry analysis
ESIeMS has been widely used to characterize tea formulations(Bastos et al., 2007; Battagim et al., 2012) and was used herein to
identify the compounds present in the tea extracts. ESIeMS anal-
ysis was performed using the 6550 iFunnel Q-TOF LC/MS system
(Agilent, Santa Clara, CA, USA), constituted of an electrospray
ionization (ESI) source and a hybrid mass analyzer (quadrupole-
time of ﬂight). The lyophilized tea extracts (10 mg) were diluted in
1 mL of methanol and the mass spectra was acquired in the nega-
tive ion mode. The extract solution was injected by direct infusion
with a ﬂow rate of 10 mL min1. Source ionization conditions were:
gas temp: 280 C, drying gas: 11 L min1, nebulizer: 30 psi, sheath
gas temp: 300 C, sheath gas ﬂow: 12 L min1, Vcap: 3000 V,
nozzle: 0 V, fragmentor: 150 V. The full scan spectra were acquired
in the range ofm/z 100e1000. For MS/MS, the ions of interest were
selected in the quadrupole analyzer and transferred to the collision
cell, where the collision energy was adjusted from 10 to 40 V,
depending on the extent of fragmentation displayed by the ion of
interest. The product ions were analyzed by TOF in the range ofm/z
50 up to a value slightly above that of the ion under study. The
software Agilent MassHunter (Agilent, Santa Clara, CA, USA) was
used to acquire and process the data.
3. Results and discussion
As the antimicrobial effectiveness of natural compounds such as
tea extracts can vary depending on their source (i.e., type and origin
of the tea) (Perumalla & Hettiarachchy, 2011), we have decided in
this study to screen for the antimicrobial activity of tea extracts
mixtures on different foodborne bacteria, i.e., L. monocytogenes,
B. cereus, S. aureus, Pseudomonas aeruginosa, P. ﬂuorescens, E. coli,
and S. Typhimurium. This set of targets comprise Gram positive,
Gram negative, as well as vegetative cells and sporeforming bac-
teria and seems adequate for a wide range of assessment of the
most important foodborne microorganisms. The results of the
antimicrobial tests indicated that no tea extract mixtures exhibited
signiﬁcant antimicrobial activity against these microorganisms,
except for S. Typhimurium, which was sensitive to the tea mixtures
(p < 0.001) (Table 1). L. monocytogenes was only inhibited by the
white tea, so no RSM model could be generated.
As Table 1 summarizes, S. Typhimuriumwas the only bacterium
considerably inhibited by the tea mixtures. The response surface
methodology (RSM) was therefore used to construct a mathemat-
ical model to explain how the tea types (alone and in binary/ternary
combinations) affected the antibacterial activity against S. Typhi-
murium. The RSMmodel proposed for in vitro antimicrobial activity
against S. Typhimurium was signiﬁcant (F ¼ 10.32, p ¼ 0.017), and
the residuals presented a normal distribution (p ¼ 0.535). The
regression model was able to explain up to 89.9% of all data vari-
ance. The linear effects of white and black teas were statistically
signiﬁcant (p < 0.05) as well as the interaction between green and
white (AB) and green and black (AC) on the inhibition of S.
Fig. 1. RSM plot to show the effect of the tea mixtures on the antimicrobial activity
against S. Typhimurium #271.
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explain the antimicrobial activity against S. Typhimurium. Together
with Table 2, it is possible to observe that black andwhite teas show
the highest antimicrobial effects against S. Typhimurium but the
combination of green/white and green/black teas also showed a
signiﬁcant inhibitory effect.
As the antibacterial activity against S. Typhimurium was sig-
niﬁcant and the regression model explained a great part of the data
variability, we used an optimization procedure by means of the
desirability function to obtain a formulation with higher antimi-
crobial activity (Fig. 2). The desirability function method is an
extensively approach applied when simultaneous optimization of
several responses is needed. It considers that when assessing
multiple characteristics, none of them can be outside the required
bounds (Bruns, Scarminio, & de Barros-Neto, 2005). Although vi-
sual inspection of surfaces can be used to locate a speciﬁc region
that fulﬁll all the outputs assessed (Bruns et al., 2005), if the regions
are not close, it will be challenging to ascertain the settings that
fulﬁll all the outputs. Using the single desirabilities, it is possible to
appraisal of the global desirability and to obtain the best combi-
nation of factors. This approach is considered ﬂexible, efﬁcient,
economic, ﬂexible and objective to be applied for dealing with
multiple response events (Bezerra, Santelli, Oliveira, Villar, &
Escaleira, 2008; Bruns et al., 2005; Taavitsainen, Lehtovaara, &
L€ahteenm€aki, 2010). Using the desirability function approach, we
have determined that a formulation containing 0.60 g of green tea,
1.02 g of white tea, and 0.38 g of black tea maximizes inhibition
against S. Typhimurium (Fig. 2). A d-value ¼ 1.00 was obtained for
this formulation, which means that the optimization procedure
was fully satisﬁed with the proposed combination of teas.
Fig. 3 shows the ESIeMS in the negative ion mode used to
chemically characterize the optimized tea mixture extract. A total
of 11 constituents were tentatively identiﬁed based on the mea-
surements of their accurate masses and comparisons with frag-
mentation proﬁles (Table 3). Several phenolic compounds were
tentatively identiﬁed as their deprotonatedmolecules such as gallic
acid (m/z 169.01462), quinic acid (m/z 191.05692), (þ)-catechin/
()-epicatechin (m/z 289.07243), (þ)-gallocatechin/()-epi-
galocatechin (m/z 305.06748), coumaroylquinic acid (m/z
337.09329), galloylquinic acid (m/z 343.06756), caffeoylquinic acid
(m/z 353.08849), ()-epicatechin-3-gallate (m/z 441.08555),
()-epigallocatechin-3-gallate (m/z 457.07859) and quinic acid
diglucoside (m/z 533.17361), corroborating the ﬁndings of Bastos
et al. (2007). €Ozçelik, Kartal, and Orhan (2011) have reported
antimicrobial activity of gallic, quinic and caffeoylquinic acids
against some isolated bacteria strains. Zhu, Zhang, and Lo (2004)
have also reported antimicrobial activity of isolated caffeoylquinic
acid derivatives from the leaf extracts of artichoke (Cynara scolymus
L.) against seven bacteria species. The antimicrobial activity of ﬂa-
vonoids, including catechin, epicatechin gallate, epigallocatechin
and epigallocatechin gallate, has been extensively reviewed by Tim
Cushnie and Lamb (2005).Table 2
Statistical properties of the model generated to the antimicrobial activity of extracts aga
Properties Regression coefﬁcient Standard
(A) Green tea 0.32 0.55
(B) White tea 3.96 0.49
(C) Black tea 3.95 0.49
AB 4.60 1.26
AC 3.43 1.26
R2 0.899
R2 adj 0.818
P-value (normality of residuals) 0.535As the resistance and response of Salmonella can vary depending
on the strain and on the serotype, a natural variability exists (Lianou
& Koutsoumanis, 2011, 2013; Sant'Ana, Igarashi, Landgraf, Destro,&
Franco, 2012b), and the optimized tea mixture was therefore
chemically characterized and its antibacterial activity was tested
against ten different serotypes of Salmonella. Fig. 4 shows that the
optimized tea mixturewas effective against all Salmonella strains. It
should also be highlighted that the inhibition was considerably
greater for some serotypes, whereas signiﬁcant differences were
also observed even for strains of the same serotype (p < 0.05).
Fig. 4 also shows that the optimized tea mixture presented a
signiﬁcant higher inhibition against S. Agona #81.05, S. Anatum
#214.05, S. Kentucky #23.09, S. Montevideo #102.09 and S. Enter-
itidis #504 (p < 0.05). Although the inhibition zones were not
comparable to the positive control, ampicillin (21.70 ± 2.18 mm),
note that the use of 2.0 g 100 mL1 of leaf is the regular dosage to
produce a cup of tea. If the aim is to produce an extract with high
antimicrobial effect, then higher proportions of leaf:water or the
concomitant use of tea extract with a known antibiotic is recom-
mended to produce synergist effects on the antimicrobial action
(Archana & Abraham, 2011).
These results highlight the importance of conducting experi-
ments for assessing the antimicrobial properties of natural prod-
ucts because of the intrinsic variability in terms of resistance and
behavior (growth, for example) of foodborne microorganisms
(Koutsoumanis & Lianou, 2013; Lianou & Koutsoumanis, 2013). As
the assessment of antimicrobial activity of tea mixtures is chal-
lenging, differences in phenotypic responses of bacterial strains,
serotypes and even pathotypes provide information of major rele-
vance to be characterized and reﬂected in the ﬁnal evaluation of
antimicrobial agents against foodborne microorganisms (Lianou &inst S. Typhimurium #271.
error t-value p-value 95% CI þ95% CI
0.58 0.59 1.09 1.72
8.14 <0.001 2.71 5.22
8.11 <0.001 2.70 5.20
3.66 0.01 1.37 7.84
2.72 0.04 0.19 6.67
Fig. 2. Optimization of the tea mixtures to maximize their antimicrobial effect against Salmonella serotypes.
Fig. 3. Chemical characterization of the optimized tea mixture (0.60 g green tea þ 1.02 g white tea þ 0.38 g black tea) by ESIeMS in the negative ion mode.
Table 3
Compounds tentatively identiﬁed in tea mixture using ESIeMS in the negative ion mode.
Compound Proposed formula Detected m/z Theoretical m/z Error (ppm) Fragments
Malic acid C4H6O5 133.01462 133.01425 2.8 71, 73, 115
Gallic acid C7H6O5 169.01462 169.01425 2.2 79, 125
Quinic acid C7H12O6 191.05692 191.05611 4.2 85, 87, 93, 111, 127
(þ)-Catechin/()-Epicatechin C15H14O6 289.07243 289.07176 2.3 109, 125, 151, 191, 205
(þ)-Gallocatechin/()-Epigallocatechin C15H14O7 305.06748 305.06668 2.6 125, 137, 167, 219
Coumaroylquinic acid C16H18O8 337.09329 337.09289 1.2 119, 137, 163, 173, 191
Galloylquinic acid C14H16O10 343.06756 343.06707 1.4 305, 191, 125
Caffeoylquinic acid C16H18O9 353.08849 353.08781 1.9 191
Epicatechin gallate C22H18O10 441.08555 441.08383 3.9 289, 169, 135
Epigallocatechin gallate C22H18O11 457.07859 457.07763 2.1 305, 169, 125
Quinic acid diglucoside C19H34O17 533.17361 533.17232 2.4 191
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Fig. 4. Effect of the optimized sample (0.60 g green tea þ 1.02 g white tea þ 0.38 g black tea) on the growth inhibition of some Salmonella serotypes. Note: Different letters indicate
signiﬁcant differences according to the Tukey's test at p < 0.05.
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Nowadays, the search for natural extracts that show antimi-
crobial effects is intense to ensure the food safety allied to the trend
of replacing artiﬁcial compounds by natural and generally recog-
nized as safe (GRAS) products. Therefore, many studies using teas
have been performed to assess their potential antimicrobial activ-
ity. For instance, Sharma, Gupta, Sarethy, Dang, and Gabrani (2012)
assessed the antimicrobial activity of green tea aqueous extract
against some pathogens (Staphylococcus epidermidis, M. luteus,
Bacillus linens, P. ﬂuorescens, and Bacillus subtilis) and veriﬁed the
inhibition zone was 7 mm for all strains. Orak, Yagar, Isbilir,
Demirci, and Gumus (2013) also tested white, green and black tea
water extracts against S. aureus, E. coli, and S. Enteritidis and the tea
samples showed antimicrobial activity against S. aureus (inhibition
zone ranged from 9.3 to 26.5 mm). Archana and Abraham (2011)
tested a fresh green tea leaf water extract against some Gram
positive, Gram negative molds, and yeasts and veriﬁed inhibition
zones from 6 (E. coli) to 30 mm (Aspergillus fumigatus) and a potent
antibacterial effect toward S. Typhi (24 mm) was also observed.
According to Daglia (2012), the antimicrobial activity of plants is
mainly associated with polyphenols. Teas from C. sinensis display a
signiﬁcant content of ﬂavan-3-ols (catechins), a subclass of ﬂavo-
noids. EGCG and ECG are the major ﬂavan-3-ols found in C. sinensis
teas and these compounds have the 3-galloyl group with the
principal agent against bacteria, yeasts and molds (Aron &
Kennedy, 2008). Their instability due to enzymatic or non-
enzymatic cleavage of the 3-galloyl group hampers however their
clinical use (Park & Cho, 2010). The phenolic compounds present in
C. sinensis extracts are indeed able to intercalate into phopsholipid
bilayers on the cell membrane and the compounds present in the
extracts affect not only the virulence but also the antibiotic resis-
tance by perturbing the function of key processes associated with
the bacterial cytoplasmic membrane, causing chemical damage on
the cell membrane (Taylor, Hamilton-Miller, & Stapleton, 2005).
This damage eventually leads to a variety of related antimicrobial
effects on both Gram positive and Gram negative bacteria.4. Conclusion
This is the ﬁrst report on the use of amixture of C. sinensis teas to
produce a water-soluble extract with antimicrobial activity against
pathogenic bacteria such as Salmonella by means of design of ex-
periments coupled with analytical identiﬁcation of phenolic com-
pounds that are responsible for the observed bioactivity. Anoptimization approachwas used to identify the best combination of
tea leaves, that is, 0.60 g of green,1.02 g of white, and 0.38 g of black
tea. This mix displayed a considerable antibacterial effect against 10
Salmonella serotypes. Further studies could explore the use of
higher ratios of tea leaves:water, and the use of organic solvents to
extract other bioactive compounds frommixtures of C. sinensis teas
designed by statistical analysis.
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